Abstract-The four well studied spiral galaxies M33, M81, M100, and M101 are used to analyze the dependences of the star-formation rate (SFR) and star-formation efficiency (SFE = SFR/M gas ) on galactocentric distance R and the photometric and some kinematic parameters of galactic disks. The dependences SFR(R) were estimated based on UV and far-infrared data using published extinctioncorrected UV brightness profiles of the galaxies. The local SFE values are most closely related to the surface brightness (density) of the galactic disk at a given R, with this dependence being the same for all four galaxies (except for their central regions). In order to explain the observed disk densities in terms of a simple conservative model ("toy model") for the evolution of the gas density, the local value of the parameter N in the Schmidt law for the disk (SFR ∼ σ N gas ) must not exceed unity. In this case, the observed dependences σ gas (R) and SFE(R) can be matched assuming that accretion is occuring in the central regions of the disks.
INTRODUCTION
The properties of spiral galaxies determining the star-formation rate (SFR) at present and in the past represent a key question for our understanding of the evolution of these objects. Spiral galaxies are characterized by a very wide range of both the integrated SFR and the starformation efficiency, SFE = SFR/M gas (starformation rate per unit mass of gas). Since the active formation of the stellar population started at the same epoch in most galaxies (about 10 Gyr ago), we expect a close relation between these parameters and such galactic parameters as the total or relative mass of gas in the galaxy disk. However, no such close relations are observed. Like the relative mass of gas in the disk, the SFE varies over more than an order of magnitude among galaxies of the same morphological type or the same color index [1, 2] , while the average surface densities of (both atomic and molecular) gas, σ gas , display a fairly small scatter for various types of spiral galaxies (see, e.g., [3] and references therein). Galaxies containing large masses of gas can be found among spiral galaxies of all morphological subtypes, although with different occurrence rates. This reflects the complex nature of the evolution of galactic disks, which precludes a unique dependence of the SFR on the morphological features of a galaxy or the amount of interstellar gas it contains. However, observations of relatively nearby galaxies show the local gas density to be a crucial factor in star formation. Regions of active star formation are always associated with enhanced gas densities (on scale lengths of several hundred parsecs or more), whereas star formation is virtually absent in galaxies with low gas contents (such as lenticular galaxies), or is concentrated in isolated regions where the gas is concentrated. The relationship between the SFR and the local gas volume density, ρ gas , is often written in the form proposed by Schmidt [4] for our own Galaxy: SFR ∼ ρ n gas , where n ≈ 2. In other galaxies, we directly measure the surface (and not volume) gas density, σ gas , which we compare to the "surface" SFR, and the above relation is usually written in the form SFR ∼ σ N gas (we refer to this as the Schmidt law for the disk, since it is by no means the same as the "volume" Schmidt law; see, e.g., the discussion of this issue by Tutukov [5]).
A constant SFR per unit mass of gas corresponds to N = n = 1. However, estimates for local regions may differ from those for entire galaxies, since the SFR depends not only on the gas density, but also on other parameters that vary with distance from the disk center or from galaxy to galaxy. Therefore, parameter N in the integrated Schmidt law reflects the effect of a great variety of factors that affect star formation, and it is essentially purely empirical.
According to the estimates of Kennicutt [6] , this parameter is N ≈ 1.40 ± 0.15 for the integrated gas masses and SFRs in galaxies derived from the Hα line intensity. SFR estimates inferred from UV observations near 2000Å yield N = 1.0−1. 6 [7] (the large range of possible values is due to uncertainties in the amount of UV absorption). However, these estimates were obtained by comparing integrated quantities for galaxies with obviously different star-formation conditions. Comparisons of local (azimuthally averaged) SFRs and gas densities σ gas along the galactocentric radii of particular spiral galaxies are of considerable interest. In their analysis for several galaxies, Wong and Blitz [8] found this parameter to be N = 1.1 or N = 1.7, depending on the method employed to calculate the Hα absorption. Heyer et al. [9] found the record high value of N ≈ 3.3 for M33. However, N is close to unity if we associate the SFR exclusively with the dense molecular component of the interstellar gas in galaxies [8, 10, 11] .
It is evident that the coefficient of proportionality between the SFR and σ N gas is not constant, and may, in turn, depend on other factors that vary with R or time. In simulations of the evolution of star formation, these factors are usually related to each other either by including "young stars-gas" feedback, which regulates the SFR [5-12], or by introducing simple analytical relations between the SFR and other local parameters that depend on the radial coordinate R. Various authors have adopted for such parameters the surface density of the stellar and gaseous disks; angular velocity of the disk; velocity of gas entering the spiral arms, which depends on the difference of the tangential velocities of the disk rotation and the spiral pattern; the ratio of the gas density to the critical density for gravitational instability; and the rate of accretion of gas onto the galactic disk [6, 8, [13] [14] [15] (see also references in these papers). Our knowledge of which factors actually play the most crucial roles in star formation is still poor.
Another unsolved problem related to the starformation history is associated with the ages of the disks, or the time elapsed since the epoch of the most intense star formation, which may be several billion years less than the ages of spherical stellar components. Their comparison of the dependence between the central surface brightness of the disk and the relative mass of gas with models for the evolution of galaxy disks with monotonically varying SFRs led McGaugh and de Blok [16] to conclude that the range of ages of galactic disks may reach several billion years. Boissier et al. [2] concluded that low-mass galaxies have lower ages, since massive galaxies have lower relative amounts of gas and higher heavyelement abundances for the same SFEs. However, this conclusion was based on a simple model using the integrated parameters of galaxies averaged over the entire disk, and the fairly arbitrary assumption that the SFR is proportional to the product of σ 1.5 gas and the angular velocity of rotation Ω. It would be more correct here to consider that we are dealing with differences in the star-formation histories in the disks, rather than difference in the disk ages. Current SFRs combined with broadband color indices are quite consistent with the hypothesis that most galaxies of various luminosities have similar ages (∼10-15 Gyr; see, e.g., [17, 18] ).
Comparisons of the amount of observed gas in galaxies, SFRs, and the surface densities of stellar disks that have formed from the gas provide important information that can be used to compare the current SFE with the average SFE for the entire period of star formation and estimate the possible contribution of accretion to the evolution of the gaseous medium. To this end, it is expedient to analyze the distribution of gas and the star-formation intensity in the disks of well-studied galaxies at various galactocentric distances.
In this paper, we analyze the four relatively nearby spiral galaxies with fairly active star formation M33, M81, M100, and M101. Our adopted parameters for these galaxies are listed in Table 1 , whose columns give (1) the name of the galaxy; (2) the adopted distance to the galaxy, D; (3) the disk inclination, i; (4) the semimajor axis of the 25 m /arcsec 2 B isophote; (5) the maximum galactocentric distance R lim for which data are available for estimating the SFR; and (6) the morphological type of the galaxy. The galaxies considered do not have massive companions (although the shape of the spiral pattern of M101 may bear signs of the interaction of this galaxy with the surroundings) and have large angular sizes, enabling the use of IRAS brightness profiles despite the low resolution of the 100 μm IRAS profile. We also know the azimuthally averaged distributions of the atomic and molecular gas, the brightness distributions in various wavelength intervals, and the variations of the
